The number of sporadic cases of Cryptosporidium identified in the Stockholm county area increased above the expected limit during October 2010. Additionally, two food-borne outbreaks of cryptosporidiosis occurred in two other Swedish cities: Umeå (4 October) and Örebro (9 October). The outbreak investigations did not reveal any responsible food item, however fresh herbs were suspected. Thirty stool samples, originating from all three events, tested positive for Cryptosporidium oocysts. Polymerase chain reaction (PCR) and subsequent restriction fragment length polymorphism (RFLP) revealed that 27 individuals were infected with C. parvum, two with C. hominis, and one with C. felis. Using sequence analysis of the GP60 glycoprotein gene, a polymorphic marker with high intra-species diversity, we identified the same C. parvum subtype IIdA24G1 in samples from both the Umeå outbreak and the Stockholm area cases, thus indicating a possible outbreak in the Stockholm area and establishing a link between these two events. C. parvum IIdA24G1 has not previously been described in connection with a food-borne outbreak. For the outbreak in Örebro, another subtype was identified: C. parvum IIdA20G1e. These findings demonstrate that subtyping C. parvum isolates using GP60 gene amplification can be used to link cases in an outbreak investigation and we recommend its use in future similar events.
Introduction
Cryptosporidiosis is a diarrhoeal disease caused by protozoa of the genus Cryptosporidium. Human infection is predominantly caused by the species C. hominis and C. parvum [1] . While C. hominis infection affects only humans [2, 3] , C. parvum can infect a wider range of mammals. The transmission route is faecal-oral and may be caused by direct contact with infected persons or animals, or indirectly by either ingesting contaminated drinking water or water during aquatic recreational activities or consuming contaminated food. Watery diarrhoea with sudden onset is the most common symptom but abdominal pain, low-grade fever, nausea, dehydration, and weight loss also occur. The incubation period may vary between two and 12 days and symptoms can last up to two weeks [1] . Infections are usually self-limited in individuals without underlying conditions but for the immunocompromised diarrhoea can be prolonged, severe, and life-threatening [4] .
Worldwide, cases of cryptosporidiosis may be detected sporadically or as part of water-borne or food-borne outbreaks. Food-borne outbreaks are less often detected and described than water-borne outbreaks. A recent review article found that, in the last decade, only 15 of 71 worldwide Cryptosporidium-linked outbreaks appeared to be correlated to food-borne transmission [2] . Consumption of fresh vegetables has been associated with cryptosporidiosis in Finland, Denmark and Sweden [1, 5, 6] . In the United States (US) insufficiently ozonated apple cider was described as a source of infection for a cryptosporidiosis outbreak [7] , while one report documented contamination of food by a food handler [8] .
In Sweden, cryptosporidiosis has been a notifiable disease since 2004. Overall, the incidence of cryptosporidiosis in Sweden has increased from 0.76/100,000 in 2005 to 1.7/100,000 in 2009 [9] , with a seasonal peak during late summer months and autumn. However, the reported data are likely to underestimate the cryptosporidiosis burden since most laboratories do not test for Cryptosporidium unless specifically requested [6] .
Several fingerprinting tools have been developed to examine the population structure and transmission dynamics of C. parvum and C. hominis, including sequencing of the 60-kDa glycoprotein (GP60) gene [10] . The GP60 gene is the most polymorphic gene identified in Cryptosporidium spp. to date, and has been used to further classify C. parvum and C. hominis into different allele families and subtypes [11] . Sequencing of the GP60 gene, including the microsatellite region, has provided a clearer understanding of the host specificity of C. parvum [12, 13] and has also proved to be a useful tool in investigations of Cryptosporidium outbreaks [10, 14] . In Sweden, in addition to being based on information from the GP15 sequence within the GP60 gene, subtyping also relies on analysis of the mini-and microsatellite loci MS1 and TP14. This allowed to identify two different sources of a C. parvum outbreak in relation to exposure to outdoor swimming-pool water [15] .
In Stockholm county the incidence of cryptosporidiosis increased two fold in October 2010 (1.26/100.000), compared to October 2009 (0.64/100.000). The number of cases diagnosed in October 2010 was 26, more than three times higher than the average number of cases (8 cases; range: 1-26 cases) reported for the same month in Stockholm in the past six years.
The preliminary investigation initially revealed that three of the cases had attended a national conference organised in Umeå (Västerbotten county, northern Sweden) between 4 and 5 October 2010 where a Cryptosporidium outbreak occurring in parallel was revealed. Additionally during October 2010, Cryptosporidium cases were reported among participants at a private party in the city of Örebro (Örebro county, central Sweden). We investigated the increased number of cryptosporidiosis cases in the Stockholm area, as well as the outbreaks in Umeå and Örebro in order to assess the magnitude and to identify the potential sources and vehicles of the disease. Furthermore, for the first time in Sweden, we explored the possibility of a connection between the three events using a molecular subtyping method based on nested polymerase chain reaction (PCR) GP60 gene amplification in real time.
Methods

Epidemiological investigation
Cryptosporidium cases confirmed in the Stockholm area were interviewed by phone using a standardised questionnaire regarding possible exposures in the two weeks prior to onset of symptoms. Specifically, we enquired about possible places of infection, history of travelling abroad, visits to swimming pools, meals at restaurants and food history.
We investigated the outbreaks in Umeå and Örebro using a cohort study approach for each event. We formulated the hypothesis that people became ill with gastrointestinal symptoms after consuming certain food items contaminated with Cryptosporidium oocysts. We defined a probable case as a person who attended the conference (Umeå) or party (Örebro) and developed diarrhoea (more than 3 loose stools/day) in the following 2-12 day interval. A confirmed case was any person who fulfilled the probable case definition and had a positive stool sample for Cryptosporidium oocysts.
Complete participant lists with email addresses were available for both events. We used a web-based questionnaire (Artologik -Artisan Global Software, Sweden; www.artologik.com) to collect data from conference attendees and staff in Umeå, as well from party guests in Örebro. We enquired about personal data (age, sex, place of residence), illness (symptoms, day of onset, duration and severity), meals attended and food items consumed. We estimated food-specific attack rates (AR), relative risks (RR) and 95% confidence intervals (95% CI), for each meal served and each food item or beverage consumed. Bivariate analysis of the individual food items served during conference meals was restricted to persons who attended those meals. The risk ratios which were significant in the bivariate analysis (p<0.05) were adjusted using binomial regression. We performed data analysis using Microsoft Excel and STATA 10 (StataCorp, USA).
An environmental investigation was carried out at the Umeå conference centre in order to evaluate food safety procedures.
Laboratory investigation
Faecal specimens included in this study originated either from sporadic cases from the Stockholm/Uppsala area (67 km north of Stockholm) or from patients connected to the outbreaks in Umeå or Örebro. Stool samples were checked for the presence of Cryptosporidium at the regional laboratories. Identification of oocysts was performed using microscopy of acid-fast stained smears.
Sample collection and DNA extraction
Samples containing Cryptosporidium oocysts were submitted to the Swedish Institute for Communicable Disease Control (SMI) for further species and subtype identification. DNA was extracted directly from stool specimens using QIAampDNA mini kit (Qiagen, Hilden, Germany) according to the manufacturer's recommendations. Disruption of the oocysts using a MiniBeadBeater (Biospec Products Inc., Beatsville) was performed before the extraction procedure.
Species determination and subtyping
Species identification was determined by PCR and subsequent restriction fragment length polymorphism (RFLP) as described previously [16] . This technique amplifies 830-840 bp of the small sub-unit rRNA (SSU rRNA) gene by nested PCR and differentiates Cryptosporidium species by banding patterns using restriction analysis of the secondary PCR product with the enzymes SspI and VspI.
For subtype analysis, a nested PCR which amplifies the GP60 gene was used as described elsewhere [17, 18] .
Bidirectional sequencing was performed on all amplicons obtained. Subtypes within GP60 allele families were determined [17] . The sequences were compared with published sequences in the GenBank database using the basic local alignment search tool (BLAST) tool (http://www.ncbi.nlm.nih.gov/BLAST). Representative sequences were deposited in GenBank under the following accession numbers: JQ028865-JQ028868.
Results
Epidemiological investigation Stockholm cases investigation
In total, 34 laboratory-confirmed Cryptosporidium cases were identified in Stockholm county between 11 October and 30 November 2010, of which 31 were interviewed. Two cases stated that they had travelled to the Canary Islands and Cuba, respectively, 14 days prior to onset of symptoms. For 24 cases, the most probable place of infection was considered to be the Stockholm/ Uppsala area. Of these, 11 were female. The median age of the cases was 30 years (range: 6-54). None of the cases were hospitalised. Twenty individuals reported having lunch daily, two weeks prior to onset of symptoms, in restaurants close to their work offices in Stockholm or Uppsala. The interviews revealed no common food item consumed by the cases.
One case reported that she and nine work colleagues from Stockholm attended a conference in Umeå between 4 and 5 October. Five individuals, in this group fell ill with gastrointestinal symptoms after that event. This case proved to be the first laboratory-confirmed case of Cryptosporidium associated with the conference in Umeå. The four colleagues that showed similar symptoms were also confirmed with cryptosporidiosis.
Umeå outbreak
The national conference organised in Umeå, and attended by some of the cases diagnosed in Stockholm, had taken place between 4 and 5 October with 278 participants (240 attendees and 38 staff). Of 278 participants 203 replied to the questionnaire, of which eight were conference centre employees. Of the respondents, 118/203 (58%) were female and the respondents' median age was 46 years (range: 18-76). Aside from the cases who attended the conference and were identified in Stockholm, the web-based questionnaire allowed us to additionally detect 89 probable cases of whom nine were confirmed (44% attack rate among respondents). Most of the cases 58/89 (65%) were female and the cases median age was 46 years (range: 24-70). The main symptoms were diarrhoea for all cases (100%), bloating for 81/89 (91%) and abdominal pain for 69/89 (78%). None of the cases were hospitalised. The median incubation period was seven 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25 Number of cases
Day of symptom onset, October 2010
Conference dinner Outbreak detected Questionnaire sent days (range: 2-13) (Figure) , while the median duration of symptoms was four days (range: 2-21). Additionally, five more confirmed Cryptosporidium cases attending the conference, were diagnosed elsewhere in Sweden and reported to the Swedish national surveillance system (SmiNet) as linked to the Umeå outbreak.
The attendees were served four meals during the conference. On 4 October there was an afternoon coffee-break and a two course dinner (main course and dessert), preceded by a drinks reception. On 5 October, only a morning coffee-break was organised. The only meal significantly associated with the cases was the main course of the dinner served on 4 October (RR: 24; 95% CI: 3.4-167; p=0.000). In the bivariate analysis of food items served during this main course, the chanterelle sauce had the highest risk ratio (RR: 4.2; 95% CI: 0.7-27; p=0.042). Also, people who ate at least one of the five herbs served as salad garnish had two times higher risk of becoming ill than people who did not (Table 1) . Besides food items included in the main course, we identified other theoretically possible sources of infection as: components of the dessert (mascarpone, cooked apples and hazelnuts), mixed nuts and water from a water dispenser ( 
Örebro outbreak
Of 34 participants at the party in Örebro on 9 October, 24 replied to the questionnaire of which 14 (58%) were female. Sixteen individuals, including 12 (75%) female met the probable case definition, giving an attack rate of 67% among respondents. Only two laboratory-confirmed cases were indentified, whose samples were also submitted for genotyping. Being a female was a risk factor for becoming a case (RR: 2.4; p=0.02), and party guests aged under 30 were at higher risk of being a case than older people (RR: 2.5; p=0.007). Due to small population size (no cases unexposed), the RR and 95% CI could not be estimated for all the food and beverages served at the party (Table 2) .
Laboratory investigation
In total, 31 samples positive for Cryptosporidium oocysts were sent to SMI for molecular investigation; 23 originated from cases from the Stockholm/Uppsala area (including the two cases with a history of travel abroad), six from the Umeå outbreak and two from the Örebro outbreak.
Species and subtype identification
Species determination and subtyping was successfully accomplished for 30 of 31 Cryptosporidium samples (Table 3) . RFLP analysis of the amplified products of the SSU rRNA gene revealed C. parvum in 27 isolates, C. hominis in two and C. felis in one.
Subtyping based on sequencing of the GP60 gene amplicons identified five different C. parvum subtypes belonging to either allele family IIa or IId. The most frequent subtype identified, IIdA24G1, was found in 21 of the 27 C. parvum isolates, of which 15 originated from the Stockholm/Uppsala area and six from the outbreak linked to the Umeå conference. C. parvum subtype IIdA20G1e was identified in two isolates related to the Örebro outbreak. For the remaining six patients infected with C. parvum, four different subtypes were identified: IIdA20G1e (n=2), IIaA20R1 (n=1), IIaA15G2R1 (n=1) and IIaA16G1R1 (n=2). C hominis subtypes IbA10G and IdA15 were isolated from two patients who had travelled abroad.
Discussion
We investigated an increase in Cryptosporidium cases in the Stockholm/Uppsala area which subsequently led to the discovery of a C. parvum food-borne outbreak comprising 89 probable cases in the geographically distant city of Umeå in Northern Sweden. The laboratory results revealed the same C. parvum subtype (IIdA24G1) harboured by most of the cases from Stockholm/Uppsala area (15 of 20) , thus confirming the outbreak in this region. The same subtype, C. parvum IIdA24G1 was also identified in all six isolates available from the Umeå cases. Among the Umeå conference attendees, the distribution of cases over time suggested a food-borne point source outbreak with the most probable exposure being the dinner's main course. Bivariate analysis of food items indicated the chanterelle sauce and vegetables used as garnish as possible vehicles of transmission. These results could be explained by the fact that both food items were served on the same plate. Chanterelle sauce was prepared using high temperature cooking, while the salad garnish was the only food item served uncooked, thus increasing the possibility of harbouring the parasite. It has been previously documented that Cryptosporidium oocysts may enter and survive within the leaves of vegetables, thus increasing the likelihood of transmission if the vegetables are served without prior high temperature cooking [19] . Furthermore, simple washing may fail to remove all Cryptosporidium oocysts from contaminated vegetables [20] . In 2008, a C. parvum outbreak in Sweden was linked to chanterelle sauce with fresh parsley added after the preparation of the sauce [6] , while in Finland a salad mixture was the suspected vehicle for a C. parvum outbreak [5] . Moreover, two other foodborne outbreaks were described recently in Sweden, in connection with parasite-contaminated vegetables. Sugar snap peas imported from Guatemala, harbouring Cyclospora cayetanensis, were the suspected vehicle for a cyclosporiasis outbreak in Stockholm 2009 [21] . The same year, the first reported food-borne outbreak associated with microsporidia (Enterocytozoon bieneusi) was described in connection with pre-washed, ready-to-eat cucumber [22] . These findings support the hypothesis that salad garnish could have been the vehicle for the Umeå outbreak.
We could not find an explanation for the association between disease and either the water dispenser or the mixed nuts. Bivariate analysis showed that 58 of 89 cases stated that they ate mixed nuts, while water from water dispenser could potentially explain only 44 cases. Since no water samples were available, the presence of oocysts in the water from the dispenser or tap could not be verified. There was no increase in numbers of gastrointestinal illness reported in Umeå during October, leading to the conclusion that the outbreak did not originate from the city's water-supply system.
We could not rule out the possibility that one of the conference centre staff could have been the source of the outbreak, as not all of the employees responded to the questionnaire and none provided a stool sample.
Eleven of 15 cases from the Stockholm/Uppsala area outbreak, infected with the same genotype (C. parvum IIdA24G1) reported having lunch frequently in restaurants and bars close to their offices in Stockholm and Uppsala, two weeks prior to symptom onset. The investigation revealed no common place of exposure for these cases, nor possible common food item eaten. Furthermore, we could not identify a common food item consumed by Umeå and Stockholm/Uppsala cases.
The outbreak in Örebro affected a smaller number of people compared to Umeå. Nevertheless, the attack rate was high and the distribution of cases over time also indicated a point source food-borne outbreak. Only two stool samples were available from the participants, and the same Cryptosporidium subtype, IIdA20G1e, was identified in both. Due to small sample size, no significant association could be determined between the exposure to any food item and the disease.
Our epidemiological investigations had several limitations. Due to the long incubation period, the epidemiological data were obtained almost three weeks after the conference so recall bias may have led to misclassification of exposures. Since the food items of the main course were all served on the same plate, cross-contamination between food items was possible. We did not enquire about the amount of food items consumed and were therefore unable to calculate dose response relationships. For the interviewed cases in Stockholm, it is possible that some cases could not remember exactly if they ate the salad garnish. Poor recall of garnish items is common and was recently documented in Germany during a large outbreak of Escherichia coli O104:H4 associated with sprouts [23] . Moreover, because no food leftovers were available for microbiological analysis, we could not determine the presence of Cryptosporidium oocysts in any of the suspected vegetables. The origin of the vegetables could not be traced further than the wholesalers in Sweden and consequently, the mechanism of food contamination could not be determined. In the future, increasing the speed and ease of tracing suspected vegetables would be useful, especially since herbs appear to play an important role in outbreaks of gastrointestinal infections worldwide.
C. parvum subtype IIdA24G1 was identified in all samples available from Umeå and considered the probable aetiologic agent for this outbreak. All cases with this subtype from Umeå and Stockholm/Uppsala region had sequences that were 100% identical, suggesting a possible common vehicle for the two outbreaks. The presence of this subtype in humans is scarcely documented and has not previously been identified in Swedish patients [24] . Only one C. parvum IIdA24G1 sequence available in GenBank (accession number: HQ005751) and isolated from a sporadic C. parvum case in the United Kingdom was 100% identical with the one described in our report [13] . The subtype IIdA24G1 has also been described in human cases from Jordan and Australia [25, 26] as well as in lambs and goat kids in Spain [27] . To our knowledge this is the first time that the C. parvum IIdA24G1 genotype has been linked to a food-borne outbreak.
Subtype C. parvum IIdA20G1e was isolated from the Örebro cases, suggesting that this event was not linked to the outbreaks in Stockholm and Umeå. Five different variants have been described for this subtype, IIdA20G1a-e [17, 28] . Interestingly, the same variant as in our outbreak isolates, IIdA20G1e, was described in a Swedish calf, suggesting a possible zoonotic source for the Örebro outbreak [29] .
The C. parvum IIaA20R1 subtype, isolated from a case in the Stockholm area, has not been reported previously. The other two C. parvum subtypes (IIaA15G2R1 and IIaA16G1R1) are commonly found worldwide, and recognised for their zoonotic potential [2, 13, 25, 27, 30, 31] .
The sequence of the C. hominis IbA10G2 isolated from the traveller to the Canary Islands was identical with the C. hominis subsequently isolated in Sweden from cryptosporidiosis cases during water-borne outbreaks in Östersund (November 2010) and Skellefteå (April 2011) [32] . This subtype was the most common in a study of Swedish patients with cryptosporidiosis [24] and it has also been identified as the most common C. hominis subtype worldwide [2, 33] . The other C. hominis case with subtype IdA15 had visited Cuba, where this subtype was previously described in sporadic cases in children [34] . One patient was infected with C. felis, a Cryptosporidium species usually found in cats and rarely infecting humans [35] .
The characterisation of Cryptosporidium isolates by the GP60 gene amplification method proved to be a useful tool in our investigation. The extra information supplied added important elements for the investigation of the three outbreaks in addition to providing valuable knowledge about cryptosporidiosis epidemiology in Sweden. Molecular characterisation of the isolates showed heterogeneity of subtypes among studied cases. There was a large variation in the GP60 gene with five different subtypes identified in 27 isolates. Subtypes isolated worldwide from sporadic or waterborne outbreaks, were also identified in Sweden by our study, as well as new or rare subtypes such as C. parvum IIdA24G1. Further studies are needed in order to improve the knowledge about cryptosporidiosis in Sweden.
It is important to bear in mind that we were only able to identify these cases as a result of our investigation into the cryptosporidiosis cases in Stockholm. We would therefore like to emphasise the importance both of testing for cryptosporidiosis in cases of diarrhoea (particularly domestic cases) and also of sending positive samples to the reference laboratory for genotyping. Molecular characterisation of isolates from cryptosporidiosis cases is not routinely performed in Sweden but we suggest that this method should be used in real time when investigating cryptosporidiosis cases that seem to cluster or belonging to an outbreak.
